The stability problem is one of the existing problems of unscented Kalman filter (UKF), which due to the nonlinearity and complexity of system. The precision will be decreased or even UKF will be halted when the algorithm can't ensure the state covariance to be positive semidefinite. Based on decomposition of state covariance, the paper first reviews two modified UKFs which can enhance the state covariance to be positive semidefinite, then describes a method which combines the modified UKFs with acceleration measurement together to unmanned surface vehicle (USV) state estimation which main advantage lies in binding UKF with acceleration to simplify the system estimation model, so that it becomes an online estimation algorithm with higher precision and lower calculation complexity.
INTRODUCTION
Online estimation aims mainly to obtain high precise states or parameters of a dynamic system with a set of noisy measured signals. Kalman filter (KF) provides acceptable solutions in many situations (Li Ju, Zhao Fang,1989; Ji Liangzhao,1985; Fang Jiancheng, Shen GongXun,1998) . However, the evolution of systems is governed by nonlinear functions in a larger of real applications, such as robots, industrial process, and even economy systems, and this makes the validity of KF to drop greatly (Youmin Zhang, Guanzhong Dai, Hongcai Zhang,1995) . Thus, nonlinear estimation now becomes an interesting and growing research area. In the past decades, many approximate optimal nonlinear estimation methods, including the extended Kalman filter (EKF) and the unscented Kalman filter (UKF), have been developed and applied to all kinds of practical or simulation nonlinear systems. EKF, which generalizes KF method to nonlinear systems is most commonly used in real applications, but it also exhibits several severe disadvantages, for example heavy computational burden due to the Jacobian Matrix computation and poor estimation precision for systems with high nonlinearities. Researchers proposed a new KF based nonlinear estimation strategy -UKF(R. E. Kalman,1960; S. J. Julier, J. K. Uhlmann， H. F. Durrant-Whyte,1995; E. A. Wan, R. Van der Merwe,2000) to improve the performance of EKF method. It has been shown that UKF can approximate the posterior mean and covariance with a second order accuracy(K. Xiong, H.Y. Zhanga, C.W. Chanb,2006) when mean and covariance is the Gaussian random variable. This makes UKF has higher precision than EKF algorithm. Many researches on the performance of UKF can be found in recent years and can be divided into two kinds: 1) algorithm improvement and 2) applications. (Li Ju, Zhao Fang,1989; Ji Liangzhao,1985; Fang Jiancheng, Shen GongXun,1998) . However, the evolution of systems is governed by nonlinear functions in a larger of real applications, such as robots, industrial process, and even economy systems, and this makes the validity of KF to drop greatly (Youmin Zhang, Guanzhong Dai, Hongcai Zhang,1995) . Thus, nonlinear estimation now becomes an interesting and growing research area. In the past decades, many approximate optimal nonlinear estimation methods, including the extended Kalman filter (EKF) and the unscented Kalman filter (UKF), have been developed and applied to all kinds of practical or simulation nonlinear systems. EKF, which generalizes KF method to nonlinear systems is most commonly used in real applications, but it also exhibits several severe disadvantages, for example heavy computational burden due to the Jacobian Matrix computation and poor estimation precision for systems with high nonlinearities. Researchers proposed a new KF based nonlinear estimation strategy -UKF(R. E. Kalman,1960; S. J. Julier, J. K. Uhlmann， H. F. Durrant-Whyte,1995; E. A. Wan, R. Van der Merwe,2000) to improve the performance of EKF method. It has been shown that UKF can approximate the posterior mean and covariance with a second order accuracy(K. Xiong, H.Y. Zhanga, C.W. Chanb,2006) when mean and covariance is the Gaussian random variable. This makes UKF has higher precision than EKF algorithm. Many researches on the performance of UKF can be found in recent years and can be divided into two kinds: 1) algorithm improvement and 2) applications. (Li Ju, Zhao Fang,1989; Ji Liangzhao,1985; Fang Jiancheng, Shen GongXun,1998) . However, the evolution of systems is governed by nonlinear functions in a larger of real applications, such as robots, industrial process, and even economy systems, and this makes the validity of KF to drop greatly(Youmin Zhang, Guanzhong Dai, Hongcai Zhang,1995). Thus, nonlinear estimation now becomes an interesting and growing research area. In the past decades, many approximate optimal nonlinear estimation methods, including the extended Kalman filter (EKF) and the unscented Kalman filter (UKF), have been developed and applied to all kinds of practical or simulation nonlinear systems. EKF, which generalizes KF method to nonlinear systems is most commonly used in real applications, but it also exhibits several severe disadvantages, for example heavy computational burden due to the Jacobian Matrix computation and poor estimation precision for systems with high nonlinearities. Researchers proposed a new KF based nonlinear estimation strategy -UKF(R. E. Kalman,1960; S. J. Julier, J. K. Uhlmann， H. F. Durrant-Whyte,1995; E. A. Wan, R. Van der Merwe,2000) to improve the performance of EKF method. It has been shown that UKF can approximate the posterior mean and covariance with a second order accuracy(K. Xiong, H.Y. Zhanga, C.W. Chanb,2006) when mean and covariance is the Gaussian random variable. This makes UKF has higher precision than EKF algorithm. Many researches on the performance of UKF can be found in recent years and can be divided into two kinds: 1) algorithm improvement and 2) applications. which are based on state covariance matrix decomposition, are proposed to ensure the positive semi definition of the state covariance matrix, then a method, which combines the modified UKFs with acceleration measurement together is put foreword to unmanned surface vehicle (USV) motion state estimation, which main advantage lies in binding the ability of UKF to deal the strong nonlinearity with the feather of acceleration with much disturbance information to simplify the system estimation model, so that it becomes an online estimation algorithm with higher precision and lower calculation complexity. Nominal UKF algorithm for the associated noisy nonlinear system is described as follow, 
MODIFIED UKF ALGORITHM
− ，α is the constant to control the Sigma point distribution, κ is a scaling parameter which is usually set to 0, and β is nonnegative constant.
The computational cost of the nominal UKF algorithm is similar as the EKF, but computational precision is much higher. Furthermore the Jacobian Matrix of the system function needs not to be computed any more. Next let us interpret the modified UKF. If the covariance of the state is not positive semidefinite, we can force it to be. For example the singular value decomposition of state covariance can do. Replacing the equation (4) of the UKF algorithm with equation (7) 
